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ABSTRACT
Using survey and statistical analysis this study attempts to describe the critical technical
issues of on-line page file transfer based on actual industry experience. A random sample
of service bureaus that support on-line file transfer was drawn from the 1995 Print
Resource Buyer's Guide published in the December 28, 1994 issue of Publishing and
Production Executive. A pilot survey of the sample was conducted in the late spring of
1995, to establish final methodology and sampling techniques, followed by a
comprehensive survey in the late summer/early fall. The survey polled the sample
population over six technical areas: transmission ,file transfer protocols, file formats ,file
size, Postscript errors and cross-platform incompatibility to determine the key factors that
significantly impact the efficiency of the network segment of their operations, and the
data for each factor was tabulated by type for hypothesis testing. The hypothesis posited
the frequency and severity of Postscript errors as the primary negative factor on the
efficiency of on-line file transfer. In addition, eight related areas, internet connection
methods, desktop applications, file formats, markets, file storage, computers, data
compression and experience with the technology were surveyed to determine the level of
experience of the respondents with this technology and the types of hardware and
software they employed.
The data from the survey were analyzed and a Chi-Square statistical test was
performed to test the hypothesis. Though the test results did not support the hypothesis, a
substantial body of data was compiled on the actual experience with the technology by
the sample population The survey of hardware and software showed a mixed suite of
applications and platforms. Macintosh computers remained the platform of choice, but
Windows systems were well represented. Application software for desktop publishing
came primarily from Quark and Adobe. The markets served were also diverse, both in
types of services purchased and geographic location. While the primary markets are
regional, forty percent of the sample reported that they served a national customer base.
Transmission errors were the most reported bottleneck for customer files delivered via
network, an indication that the carrying capacity or bandwidth of the network is less than
satisfactory. Errors attributed to customer files themselves were excessive file size and
data compression. Seventy percent of the population sample had three or more years of
general experience with network technology. Fully half of the respondents reported
receiving 150 or more customer files via network per annum. Modems were the main
connection method used but nearly a third of the sample utilized some form of dedicated
line -T1,ISDN or Switched 56. Ninety percent of the sample expressed a critical need for
comprehensive digital production standards to maximize the potential of all digital
workflows and seventy percent projected that file transfer via network will double in the
next five years. This perception could have a significant impact on future purchasing
patterns for network capability, training and related hardware and software.
A comprehensive summary of the data and the conclusions drawn from the
analysis is set forth in Chapter 7 of this report. An extensive review of the available
literature is also included. This study is intended to serve as a basis for future
investigation. Suggested topics for further research are listed.
Chapter 1
Introduction
The growth of networks like the Internet creates new opportunities for printers
and their customers, leading many to adopt an electronic workflow, the logical marriage
of electronic prepress , data transmission networks and the developing capabilities of
digital printing. As digital prepress technology becomes the norm, printer's clients are
considering the economic benefits of transmitting their work to service bureaus in the
form of digital data files. ( 1) In theory, complete page files may be transmitted directly
to any service bureau in the country with on-line capability, eliminating traditional
hardcopy artwork or text files as well as the constraints of time and geography. The
portion of this environment that includes the client file, transmission medium, reception
node and associated software is the network segment of the workflow. (2)
New capabilities mean new opportunities, but there are new variables to control
and new problems to overcome. The successful transmission of a given page file
necessitates the electronic manipulation of the data to successfully send and receive it.
A file must be initially prepared on a platform and software that is compatible with the
receiving bureau's production equipment. The file may require data compression to
facilitate storage and decrease transmission time, a significant expense in this new
environment. Unless a dedicated digital line is used, the file is transmitted, via modem,
over an analog telephone line that may be subject to signal attenuation. Data transfer rates
may be painfully slow. (3) To add complication, today's phone lines are often a mix of
analog and digital modes, with a signal being manipulated many times during
transmission. File Transfer Protocols, or FTP, must be in place at the receiving end to
accept the transmitted data, with adequate storage in the server to manage the transmitted
files. (4) Many of these issues require systematic examination in the context of the
network segment.
What factors have the greatest negative impact on the efficiency of on-line
printing? Signal attenuation and traffic on the network, slow transmission time, cross-
platform incompatibility, and Postscript errors in client files may cause significant
problems, but to what degree? Is one factor-Postscript errors- more significant than
others? (5) Using the survey method, this study examined this question, collected data on
these factors, analyzed the results and established a baseline of information
for future inquiry.
ENDNOTES FOR CHAPTER ONE
1 . White, Patrick " Down to the Wire", Publishing & Production Executive ,
March, 1995, p. 15-21
2. "Publisher' s Discover the Digital World",
The SeyboldReport on Publishing Systems, 22 April 1994, v23 nl5, p. 83-71
3. Cuenca, Mike " How to Get It From Here to There" Folio ,
June 15, 1994, p. 35-36
4. "Anonymous FTP: Frequently Asked
Questions"
(on-line)
March, 1995,available:http://www.cis.ohiostate.edu/hypertext/faq
usenet/computer-security/anonymous-ftp-faq/faq.html
5. Blessing, Rose " First, Find the Bottleneck"
Publishing & Production Executive, May 1994 p. 31 - 37
Chapter 2
Theoretical Basis
The research method chosen for this study is the descriptive survey. As a method of
research it has the following characteristics: (1)
a). The data is collected by observation.
b). The population of the study must be carefully chosen, clearly defined, and
specifically delimitted to ensure discreteness.
c.) The data must be safeguarded from the effects of bias.
d.) The data must be organized and presented systematically for valid conclusions to
be drawn from them.
To succeed, the survey is designed to fullfill a discrete research objective,
focusing on those areas vital to the inquiry. The tools of any successful survey include
the questionnaire and the sample. A well- designed questionnaire is relatively brief, but
adequately addresses the goals of the research design. Brevity and courtesy are important,
since the recipient is being asked to surrender a period of time to answer the questions.
The questionnaire should also be user-friendly, requiring a simple check or fill-in rather
than a long essay response. The sample population must be carefully chosen and defined
as the correct target for the survey. (2)
To adequately address the quantitative needs of the study, the researcher must
design the questionnaire to elicit the required data. The scope of the inquiry must be
defined, and the questions focused on the key points to be investigated. Open - ended
questions have no place in the design, for the data derived may be difficult or impossible
to evaluate. For data to be quantifiable the questions must require a specific response,
based on the observed experience of the subject. (3 ) For example: "How many client
files do you receive each week via anonymous ftp?" can be answered with a number- 10,
35, 200- an objective response that can be plotted on a graph and counted. On the other
hand, a question like this: "What role has on-line printing played in your
business?"
may
receive a subjective response that is difficult to evaluate.
Contingency questions are used to focus the respondents to those questions that
are relevant to them. For example, if the experience level for a service bureau with
electronic file transmission is being evaluated, for the survey question
" How many years
has the bureau accepted transmitted data files?", respondents who answered "less than
1"
would be instructed to skip any questions designed for those with a year or more of
experience. (4)
Questionnaires should be pretested on a small sample of the target population.
This is necessary to determine if the questions will be readily understood by the target
group, and if the questionnaire, as structured, will actually elicit the necessary data. A
pilot study may also indicate any problems with the sampling methods or population
definitions. To be effective, the pilot study or pretest should be considered an on-going
process throughout the study design (5).
A sample may be defined and selected in several ways, but must represent the
population being studied. A sample population must be random, representative, and
sufficiently large. (6) Random sampling requires that each member of the sample have the
same probability of being chosen as any other member. For example, each member of the
sample population is assigned a number, and a random number generator is used to select
the sample members. Each selection is from the entire population. This ensures a
representative sample, and minimizes sampling error or bias. The process is repeated until
the required sample size is achieved. The larger the sample the more meaningful the data.
For statistical purposes a sample size of at least 30 members is required to use the most
powerful statistical tools. (7)
The analytical data collected is tabulated, charted or graphed, and tested
statistically. Descriptive, or qualitative data is presented in an organized and systematic
way, in support of the goals of the research. Conclusions are based solely on the results of
the data analysis. (8)
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Chapter 3
Review of the Literature
All data communication systems have three basic physical components:
a transmitter/receiver to send and receive the data, a device to manipulate the data signal,
and a transmission medium. There are several types of transmission and reception de
vices. Printers, terminals, personal computers and image setters can all be configured to
function as part of a communication system. Analog and digital lines differ in the way
data is encoded for transmission. For analog data the amplitude or frequency of the signal
is modulated to carry the information. Digital data is contained in binary digits, or bits ,
represented by 0 or 1- the switch is either
"on"
or "off "- without any extraneous noise
or interference. Digital networks permit the development of extremely high capacity, high
speed transmission with a minimum error rate. Signal manipulation devices are
represented by modems. A modem converts a digital signal from an output device, say a
personal computer, and modulates that signal for transmission over an analog telephone
line. A second modem at the receiving end demodulates the signal back into digital form
to an output device, like an image setter. This signal is sent over some form of
transmission medium, broadcasting over the airwaves or on a cable network of copper or
optical fiber. (1)
Electronic transmissions require procedures, known as protocols, to initiate and
maintain communications. One protocol is concerned with the way data moves
directionally over the line. Three methods generally in use are simplex, half-duplex and
full-duplex. Simplex transmission is one- way only. Data moves from an input device to a
processing device in one direction. The best example is the input terminal designed only
to send data to a mainframe computer. This mode is seldom used in communications.
Half - duplex transmission allows two way communication, but only in one direction at a
time. A message is sent in one direction, received, and the sender must wait for a reply
and for the direction to realign before sending more data. This lag in directional
communication is called turnaround time. While this limitation may be acceptable for
voice communication, it presents obvious handicaps for data communications. A full -
duplex transmission permits two way simultaneous communications, the preferred mode
for data transmission.
Conventional telephone lines are either two -wire or four - wire. In a two - wire line,
one wire carries the signal and the other, called a "return", completes the circuit. A four
wire line has two independent communication paths and two circuit return lines. Leased
point-to -point conventional lines are usually four wire. Conventional lines, designed
originally for voice communication, have been adapted to carry data by the addition of
another pair of wires dedicated to data traffic. These combined voice /data networks using
analog lines are the present industry standard, but the rapid development of digital nets,
especially for long range, high-speed data communications, promise an enormous
increase in capacity over the traditional systems.
Modern telephone networks reach nearly every corner of the world. This ready
made pathway is an obvious choice for data communication as well as voice traffic.
Data, whether text, images, or telemetry, can travel the same lines. A phone line may be
point to point or multipoint, depending on its use. A point to point line is dedicated from
one point of transmission to another point of reception. The line may be purchased or
leased for the exclusive use of the subscriber. While this option is convenient there is
no competition with other traffic and line security is easier to maintain it is also costly.
A dedicated line may be three to four times more expensive than a regular public access
line. A multipoint system permits a number of transmission devices to use the same line
through the use of a multiplexer that allows each device to access the system on a time
sharing basis, reducing the expense.
The need for high speed networks has grown acute with the explosive growth in
the demand for information in general, and the development of computerized pre-press
equipment and software in the printing and publishing industry in particular. The carrying
capacity of a network , or bandwidth,is expressed in Hertz (H), the range of frequencies
that may be used for transmission. The rate of transmission is expressed in bits per
second, or bit/s. Eight bits are grouped into a byte, and the modulation rate of the
transmission is expressed in baud . The transmission speed requirement for a network is a
function of information coding. For example, a four-color page for a typical magazine
format may consume 500Kbytes of memory. To economically transmit this page a
minimum lOOMbit/s of transmission throughput is required.
Terrestrial networks may be represented by private digital lines like the 56Kbps
DDS line or the 1.544Mbps Tl line, both originated by AT&T. DDS, for DATAPHONE
Digital Service was the first digital private line, and is now a generic designation for any
56 Kbps service. Tl service, beginning in the mid 1980's, has grown to become one of
the most popular dedicated line services in use today. Tl - the designation indicates its
bandwidth of 1.544Mbps- is a connected assembly of 64Kbps circuits working in concert
to transmit vast amounts of digital information. A popular variation is the Fractional Tl
network, for users who require rapid dedicated digital line service, but not the full
bandwidth of a regular Tl network. The subscriber pays only for the portion of the
bandwidth actually used, realizing substantial savings. The line speed of 64Kbps is
becoming standard in foreign markets as well. It is the rate of choice for Tl, the European
El, and ISDN, the Integrated Services Digital Network, a digital communication network
technology that permits the service providers to offer a wide array of services over a
single set of phone lines. Other services include Switched 56, a dial-up 56Kbps digital
link available from most large domestic phone companies. (3)
It has been noted that dedicated private lines from point-to- point are used
primarily by clients who can justify the cost because they have the need to transmit large
amounts of data over a secure line. There is no limitation on the kind of data transmitted
as long as the line is capable of carrying the traffic.(4 )The necessity for dedicated private
lines wil be further reduced by frame relay services, designed to take advantage of
advances in network technologies to speed the flow of data over the networks. Frame
relay services are designed to handle speeds of 1.5Mbps; in theory they may go much
higher. In concept, a frame relay connection is a virtual connection between two points
rather than a switched circuit connection. It provides a statistically guaranteed data rate,
and has the capacity to route traffic around failures in the net. This eliminates the need
(and expense) of the redundancy that is typically built into a private line. Overall, frame
relay services offer superior performance with reduced administrative and operational
costs compared with private lines. (6)
As the demand for color and color imagery for publication grows, and the
necessity for their remote reproduction grows with it, the capacity of these networks must
also increase. The development of fiber optics is a response to this need. A fiber optic
network has three elements: a light source, an optical fiber and a light detector. The light
source may be a light emitting diode or LED, or a laser diode. This device converts the
outgoing electrical signal into an optical form. Of the two sources the laser is the most
powerful at ten milliwatts compared to 0.1 millwatts for the LED. The receptor, or
photodiode, converts the optical signal back into an electrical one at the reception node.
The fiber optic cable itself is available in three general types. The first, and least
expensive, multimode step index, has a large central core, approximately 62.5
micrometers. This large core diameter permits a significant fraction of the light energy to
be reflected off the walls of the fiber, with a corresponding loss of bandwidth capacity.
The next type, graded index fiber, improves the performance characteristics by focusing
the internal reflections toward the axis of the fiber, increasing the bandwidth capacity
over the multimode fiber by a factor of ten. The best, and most costly breed of fiber is
monomode. It has a core diameter often micro-meters and a bandwidth capacity 100 to
1000 times that ofmultimode, on average around 100 GHz (100 billion Hertz ).
Monomode requires a laser diode as the light source.
Fiber has several advantages over copper besides bandwidth. Signal loss, or
attenuation, is lower, so longer lengths of cable can be laid without the same number of
repeaters or signal boosting stations as a comparable conventional net. There is no
vulnerability to any electromagnetic interference or noise because the signal is optical, not
electronic, so error rates are minimal for analog or digital signals. The raw material is
silicon, far cheaper and more abundant than copper, and typical fiber cable is strong as
well as pliable, with the same tensile strength as steel. There is no electromagnetic
radiation from fiber, so lines may be run in a building without using a conduit. For the
same reason, fiber is extremely difficult to wiretap, adding a measure of security to
sensitive transmissions. One major disadvantage is the difficulty of storing cable in the
field. The fibers must be extruded as they are needed, and should not be spooled, as this
can damage the integrity of the fiber bundle. Until recently splicing was a major problem
in the field as well. Cables were arc welded, glued with an epoxy resin or joined with a
mechanical connector. All of these methods degraded the power level to some degree,
and thus retarded the development of branch networks using fiber. This limitation to
point-to-point uses is one reason long distance phone companies were among the first to
adopt fiber, while its use by local carriers has been hindered. New connector technology
has removed this obstacle and the result is the steady (if slow) adoption of fiber as the
preferred cable medium.
While fiber optics bids fair to dominate the terrestrial data nets, the commu
nications satellite remains a formidable rival. Satellite networks experienced a re
naissance in the early 1980's with the development of less expensive earth stations to
transmit and receive data, not only for voice and commercial traffic, but entertainment.
News broadcasting via satellite goes back to 1962, with the launch of the first successful
commercial television satellite, Telstar. Since that time, a constellation of satellites have
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been launched to serve the broadcasting industry, making news, sports and other
entertainment and educational programming available to virtually any spot on the planet
with a receiving antenna. While the quality of the programming is a subject for debate,
the revolutionary nature of the medium is undeniable. This revolution is evident in the
high speed data transmission capability of today's satellite systems.
An orbiting satellite is nothing more or less than a communications transmission
device. It receives a signal from a ground station, amplifies that signal and broadcasts it
to all the earth stations capable of receiving its transmissions. Satellite systems have three
segments. The space segment, including the satellite itself and its subsystems; the signal
segment with the antenna and transponder arrays to send and receive data; and the ground
segment, comprised of the earth- based stations that link the satellite with the terrestrial
networks.
The space segment has a number of components: the satellite, the system
that placed it in orbit and maintains control, and the orbit itself. Communication satellites
are placed in geosynchronous orbit . At an altitude of 22,300 miles (35,800 kilometers)
the orbital speed of the satellite exactly matches the rotational speed of the earth around
its axis. To an observer on the ground the satellite maintains the same position overhead
24 hours a day. As a result it is available to any receiving antenna in its broadcast
"footprint", or area of coverage. One difficulty the extreme orbital altitude incurs is a
noticeable delay in signal reception of 250 milliseconds caused by the time it takes for the
signal to travel from the ground to the satellite and back. This can be a problem for data
communications protocols that do not take account of the delay factor.
The satellites, or
"birds"
come in two basic types, based on the method used for
stabilizing them in orbit. Spin stabilized models are cylindrical in shape and spin at 100
rpm. The outer shell of the cylinder is covered with solar cells, half always exposed to
sunlight. The antenna is kept stationary by an electric despin motor. Three axis birds are
kept stable by an internal gyro. The satellite does not spin, so the solar cells are mounted
on arms in large flat arrays to catch the sunlight. Battery backups are available on both
types of satellites for those brief periods in orbit when there is no direct sun for the solar
panels. The stabilizing systems are a marvel of engineering, capable ofmaintaining
antenna alignment of less than 0.1. A command and control system on the ground is in
constant contact by telemetry, monitoring on-board systems and making attitude
adjustments with the bird's thrusters as needed. If all goes well the satellite will have a
productive life of ten years, limited by the amount of fuel it carries for the attitude
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thrusters and the possible obsolescence of its systems by technical advancements on the
ground.
The signal segment consists of the broadcast transponders and antenna that
receive, process and retransmit the data sent by the originating ground station. Like a
fiber net, the satellite's bandwidth is measured in Hertz (Hz), or cycles per second. The
transmission device, called a transponder, amplifies the signal received by the satellite's
antenna, amplifies it and converts and retransmits the signal through the antenna to the
receiving earth station. One transponder, with 36MHz of bandwidth, can broadcast at
frequencies from 4 to 6GHz. A typical communication satellite carries 12 to 36
transponders in their array, with a potential broadcasting capacity equal to or greater than
any communications medium. The antenna is used for reception and transmission of the
data signal. Three important characteristics of the antenna subsystem are gain, direction
and "footprint". Antenna gain is the strength of the signal transmitted when it is projected
in a single direction. High gain transmissions have high signal strength and a narrowly
focused beam. Low gain transmissions have a relatively weak signal strength, but the
transmission covers a much wider area of the earth's surface. The size of these areas are
the
"footprints"
of the satellite. Television broadcast satellites typically have large, low-
gain "footprints", while data communications birds usually have a narrower, high-gain
focus. Some satellites have both systems on board to increase their flexibility. The
important distinction is the type of information being broadcast and its intended audience.
The most common bands for satellite transmission are the C-Band and the Ku-
Band. C-Band has an uplink, or reception, frequency of 6GHz and a downlink, or
transmission, frequency of 4GHz. The Ku-Band has an uplink frequency of 14GHz and a
downlink frequency of 12GHz. The downlink frequency determines the characteristics of
the final transmission. C-Band, the most common broadcasting band, has a low-gain
signal and a very wide footprint. Its signal is virtually immune to atmospheric
disturbances, and can pass through heavy weather like rain or fog without disruption. This
latter characteristic, unfortunately, is also true of ground based C-Band transmitters like
microwave relays, and these can jam the less powerful satellite signals. The best solution
has been to locate earth stations for satellite C-Band in remote rural locations where
microwave radiation is less prevalent. This of course necessitates the use of some
terrestrial link with user sites, usually cable. C-Band earth stations also require large and
expensive antennas to receive the weak signals. Ku-Band transmissions are a complement
to C-Band, having a much narrower high-gain footprint and an immunity to microwave
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interference that allows Ku-Band antennas to be based in the heart of urban areas. Earth
station facilities are smaller and less expensive than a comparable C-Band station. Ku-
Band is vulnerable to weather disturbances, a serious problem if it occurs during peak
hours for signal traffic.
To get the most out of the generous bandwidth of satellite systems an ingenious
form ofmultiplexing is used similar to that employed in terrestrial networks. Called Time
Division Multiple Access, or TDMA, it allows multiple signals to be transmitted by a
single transponder, using the full channel bandwidth. To permit this, every audio or data
signal must be converted to sequentially modulated pulses, spaced in time so no two users
will ever occupy the same time frame for transmission. TDMA earth stations are
equipped with modems that transmit and receive the pulsed signals. The modem transmits
data in high bit/s bursts. Memory circuits or buffers store the incoming burst
transmissions. This stored input is retransmitted as a continuous signal. Transmission
speeds of several millions of bits/s are routine. A statistical error detection called Forward
Error Correction is used to maintain data integrity. This statistical routine places extra
encoding in the data stream that may be extracted and checked by the receiver without the
necessity for retransmission. An error rate of 1 in 10million is possible with this system.
The ground segment of satellite communications has been revolutionized by the
development of small, lower cost earth stations. This, more than any other factor, is the
reason satellite networks remain competitive. This development is a direct result of the
increase in satellite capability over the last fifteen years. In the early days, satellites were
small, primitive affairs with limited capacity. Earth stations were required to house much
of the transmission and data processing capability of the system as well as the large, and
very expensive antennas. Modem satellites are huge by comparison and carry within them
highly sophisticated transmission and reception equipment. The more capable the
satellites become, the less complex, and less costly, the earth station. An example is
antenna size. An old station might require a dish over 100 feet in diameter, costing
hundreds of thousands of dollars. Today, a satisfactory receiving dish may be as small as
a yard across and cost less than $2000. As a matter of design, an earth station may
transmit, receive, or both depending on the intended application.
There are four basic types. The high-capacity station is used by major
telecommunications carriers, users big enough to require feeder line access direct to the
station. It typically has a large diameter reflector dish, and connecting structures that
house the switching equipment for the feeder lines, control consoles and back-up power
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supply. A station in this category has the look and price tag of a NASA facility. The mid-
capacity station is most often used by private corporations for their in-house networks.
These nets have varying applications dependent on the particular needs of the company.
They may handle videoconferencing , email , data or voice traffic and the cost will
depend on the desired capabilities. A high-end system in this category could easily top
$1,000,000. But if each earth station is connected to the others in the network they can all
share the same satellite capacity with no additional costs incurred. A less expensive
version of this basic concept is the VSAT network, composed of one Master Earth
Station, orMES, and perhaps thousands ofVSAT terminals sharing the capabilities of the
MES. The economic advantage, again, is the shared satellite capacity. The last, and least
expensive design is the receive only station. These are usually very specific in their
application, and may be configured for data, video, voice or a combination of all three.
The advantages of satellite networks include stable costs. The price of trans
mission over a single link is independent of the distance between the sending and
receiving station. Since all satellite signals are broadcast, the cost of the transmission is
also independent of the number of receiving stations. High bandwidth allows satellites to
handle large amounts of data with extremely low error rates. They are also ideal for users
with geographically dispersed locations, or undeveloped terrestrial networks. The
disadvantages include the signal delay of 250 ms imposed by the extreme altitude
required for the geosynchronous orbit. This is noticeable in voice communications and
creates severe efficiency problems with data transmission protocols that are not adapted
for this delay. Despite the advances in recent years, earth station size and cost remain
formidable obstacles that will be relieved only when the high-powered satellites of the
next technical generation come into general use. Satellite signals are line-of-sight, and
few building codes guarantee against any obstruction that would render the station
useless. And since all satellite signals are broadcast, they are vulnerable to interference by
weather or electromagnetic transmissions. Security is an issue as well, and any sensitive
data will require encryption.
Having surveyed the terrestrial and space-based systems used for analog and
digital data and voice transmission, a closer examination of the nature of analog and
digital signal propagation and their behavior in these systems is in order. Analog
transmission, designed primarily for voice traffic, depends on the modulation of the
amplitude and/or frequency of the signal. For a conventional telephone call, spoken voice
is picked up on the handset microphone that converts the audible sound waves to
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electrical energy. The variations in tone are translated into continuous variations in carrier
wave strength, or amplitude. Wave frequency, or the number of times a wave repeats
during an interval, may also be modulated to carry the signal.
Analog service is generally available to the customer in three transmission grades:
narrowband, voice-band and wideband. The throughput rates for the three types of
service is dependent on the bandwidth and the electromagnetic properties of the circuit
used for the transmission. As stated earlier, the transmission speed of a network is a
function of the bandwidth of the communication line. The wider the bandwidth, the faster
the rate of transmission.
Narrowband facilities are created by subdividing a voice-band circuit or by
grouping several transmission by different users on a single circuit using time sharing.
Transmission rates for narrowband are from 45 to 300bps. Teletype systems that
connect to message switching facilities are the most common example
of narrowband application.
Voice-band facilities have a bandwidth of 3000Hz, as compared to narrow-band's
200 to 400Hz range. Data transmission speed is differentiated by the type of voice-band
system utilized, either switched dial-up transmission or leased dedicated line. For
transmission over the switched lines the data rate is between 4800 and 7200bps, with
speeds up to 9600bps if the switches are modem electronics. Speed over the dedicated
line may range from 9600 to 19200bps, if the line is conditioned. This is one of the key
differences between the switched network and leased lines. The communications carrier
can tune or
"condition"
a leased line because its signal routing is fixed. Traffic on a
switched network varies according to the traffic. A leased line can be conditioned by the
carrier using fixed equalizers to correct signal distortions caused by attenuation.
Although low data speeds may be employed on both narrowband and voice-band
circuits, it should be noted that low-data throughput rates on a voice circuit falls well
below the maximum potential rate for that type of circuit, while the narrow-band
transmitting at the same rate is operating near the upper limits of its capacity.
Facilities with a higher bandwidth than voice circuits are called wideband or
group-band systems because they permit a broader bandwidth by grouping a number of
voice-band circuits together, combining their capacities. Wideband facilities are available
only on leased lines and allow transmission rates greater than19200bps. As noted, the
transmission rates for wideband networks depends on the service offered by the carriers,
up to the Tl rate of 1.544Mbps.
15
The transmission of data may be either synchronous or asynchronous.
Asynchronous transmission is generally referred to as start/stop transmission. One
character at a time is transmitted and received. Start and stop data bits are added to
separate characters and synchronize the receiver with the transmitter. This lessens the
likelihood that data will become garbled. Each character is encoded into a series of
electrical pulses, beginning the transmission with a start pulse. The character itself
(the string of pulses) is followed by a stop pulse to indicate that the complete character
has been transmitted.
The start pulse, or bit, stands for a transition from a character mark to a space.
When no data is being transmitted the network line is in a holding or marking condition.
The start pulse, or bit, tells the receiving node that the next bit is the beginning of a
character of data. The stop bit places the line back into a marking position, telling the
receiver that a complete character has been transmitted, and indicating that the line is
ready to accept a new start bit.
The transmission of an eight bit character necessitates 10 or 11 bits, depending on
the length of the stop bit. The eighth bit may be employed as a parity bit for error
correction and detection. In the start/stop mode, transmission begins again for each new
character and stops after each character is sent. Because synchronization begins again for
each character, any timing errors are cleared at the end of each character.
Asynchronous transmission is generally used for transmission rates of 9600bps over the
switched networks and up to 19200bps over a short distance-direct connection leased
line.
Synchronous transmission involves sending a set of characters in a continuous bit
stream. In this mode of transmission a timing signal or clock in a modem or other device
is used at each end of the connection to establish the rate of data transmission and to
permit the devices connected to the modem to identify the characters while they are being
transmitted or received. Timing may be provided by the terminal device itself or a
communication system component like a multiplexer. Regardless of the timing source
used, before the data transmission can commence the sending and receiving components
of the connection must establish synchronization between themselves. To maintain the
synchronization between the sending clock and the receiving clock for the length of time
that a transmission is in progress, special characters called
"syn"
characters are
transmitted prior to the character itself. Syn characters are set at the same code level, or
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number of bits per character, as the coded information to be transmitted. The receiver
recognizes and synchronizes itself using the stream of syn characters.
Once the transmission is synchronized the main transmission may proceed.
Characters are grouped into blocks of characters that require a buffer or memory storage
area. Complex circuit paths are required for synchronous transmission because the
receiving device must remain in sync with the transmitting device for the duration of the
transmission. The data rates employed are in the 2000bps range.
The actual transmission of data is either serial or parallel. For serial transmission
the bits of a particular character are transmitted in sequence on one line. Parallel
transmission sends the characters serially but the bits that comprise each character are
sent in parallel. A character consisting of eight bits is transmitted over eight lines. Extra
lines might be needed for control or parity bits. Parallel transmission is frequently used in
computer-to-peripheral connections but not on networks other than leased lines because
of the extra expense of the additional circuits. Because the total character may be
transmitted at one time using parallel lines, faster overall data transmission speed rates
can be achieved over comparable serial paths.
The first step to change a continuous analog signal to digital is to convert it to a
series of numbers. This is achieved by sampling the time function of the transmission.
The resultant list of numbers represent a continuous series of values that have been coded
into a set of discrete codes. For most digital transmissions the form chosen for the code
word is a binary number, either 1 or 0. Analog to digital conversion is called quantizing .
The purpose is to change the continuous analog signal to a discrete digital signal by
coding. In uniform quantization, the continuous values are divided into uniform regions
or levels of signal strength and an integer code is assigned to each region. This integer
value is not a precise, one-to-one correspondence, but a rounded off number that closely
approximates the signal level.
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There are three general types of quantizers:
1. Counting quantizers these sequentially count through each quantizing level.
2. Serial quantizers generate a code word bit by bit, beginning with the most
significant bit through to the least significant bit.
3. Parallel quantizers generate all bits of a complete code word at
the same time.
To convert the digital signal back to analog a digital-to-analog converter or DAC
is used. Since the digital signal is formed by assigning discrete numerical values to the
continuous analog signal levels, the reverse operation is performed by assigning the
analog value to its digital numerical value or code. Again this is not a seamless recreation
of the analog signal, but an extremely close approximation. This fact is one reason die
hard audiophiles have fought hard to keep analog music recording alive the ultimate
sound quality of an analog recording is simply richer than a compact disc because all the
intermediate tones are present without any truncation. Digital recordings, on the other
hand, can be almost too clean.
There are problems with analog transmission, however, and these problems are
directly related to the electrical properties of copper twisted pair cable. There are four
primary areas that can negatively impact the signal: attenuation, capacitance, crosstalk
and delay distortion.
Attenuation As an electrical signal is transmitted through a cable, it loses strength
because of the resistance of the cable to the flow of electrons. This flaw is called
attenuation and refers to the reduction in the amplitude of the signal. In voice
communications, attenuation reduces the volume of phone or radio conversation. Telcos
compensate for attenuation by installing amplifiers or
"boosters"
at selected locations to
increase signal strength. A second cause of attenuation is created by the use of electrical
filters to form the telephone channel passband. Phone companies use high and low pass
filters to pass through only a small portion of the 20000Hz bandwidth of sound that the
normal human ear can discern. Due to the use of filters at the 300 and 3300Hz range, and
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the fact that higher frequencies attenuate faster than lower frequencies, the ideal passband
of the channel may become skewed or distorted.
Because of the use of low and high pass filters, a great deal of attenuation may
occur below 300Hz and above 3300Hz. The higher incidence of attenuation at the higher
frequencies creates a non-linear response from 300Hz to 3300Hz, with the greatest
degradation at the higher end of the frequency spectrum.
The effect of attenuation on a digital signal is similar to its effect on an analog
signal in that it can reduce the height of the square waves that comprise the signal. Instead
of the amplifiers used in analog transmission, digital lines employ data regenerators or
"repeaters"
to compensate for the loss of signal strength. The repeater receives a digital
pulse and regenerates it at its original specified height and width, removing the distortion.
Though both amplifiers and repeaters are meant to counteract the effects of signal
attenuation, the signals produced by each system are very different in kind. Amplifiers
use analog signals and boost not only the signal itself, but any noise or distortion as well.
Repeaters operate with digital signals and remove any distortion of the data since the the
pulse or bit is restored to its original specification by the repeater. This is the primary
reason that data quality is superior for digital transmission, and one of the reasons, along
with increased bandwidth, that long-distance carriers are using digital lines.
Capacitance The capacitance of an electrical cable is its ability to store an electrical
charge and to resist rapid changes in the strength of that charge. Capacitance in a cable is
dependent on the dielectric constant of the cable which refers to the thickness of the
insulating material that surrounds the cable.
Capacitance happens between two wires of a pair and between adjacent pairs in
the same cable. For a wire pair the capacitance is called mutual capacitance. The effect of
mutual capacitance in voice transmission shifts the phase of the analog signal. In most
cases this is not objectionable, since voice communications are continuous , and
frequencies vary only over the narrow band that is used for spoken conversation. But
when a digital signal is employed the effect of this type of capacitance can be trouble. The
reason for this involves the distortion of the shape of the digital pulse. If the mutual
capacitance is to great, it combines its effects with attenuation, causing data
transmission errors.
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Crosstalk If a signal from one cable appears on another crosstalk may be present.
While the effect is usually negligible, most twisted pair lines exhibit crosstalk to some
degree, since a signal on an "excited" or active pair always induces a signal on an inactive
or
"quiet" line. The trouble arises when the signal on the active line has sufficent strength
to interfere with the traffic on its neighboring pairs. Crosstalk is proportional to the
dielctric constant of a given cable. The higher the dielectric constant of a cable the higher
the capacitance of that cable. Therefore, capacitance is also proportional to the level of
crosstalk.
Delay distortion In a channel free of distortion, all frequencies pass through at the
same rate. This creates a constant linear relationship between the frequency and the phase
in relation to time. Distortion occurs when the relationship between the frequency and the
phase becomes non-linear. Signal propagation through a transmission medium can occur
at diferent speeds because of the effects of passband filters and signal harmonics for
complex transmissions. Low and high frequencies take longer to travel through a
transmission medium than middle frequencies.
While this signal delay has a minimal effect on voice transmission, the effect on digital
data transmission can be severe, since the late arrival of a given pulse for one character
may be mistaken as the arrival of the first pulse of the next character.
Most of these points apply to some degree to both analog and digital systems, but
what design requirements are specific to digital systems alone? Analog systems have been
designed over many decades, and with their flaws, have served the telecommunications
industry well. But digital nets are ofmore recent pedigree, and their design considerations
are less well understood. The following set of requirements are basic to an understanding
of the design requirements:
1 . Required bit transmission rate
2. Maximum allowable bit error rate
3. Maximum system bandwidth
4. Maximum signal transmission power
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5. Construction cost
6. Power utilization of the signal detector
7. Acquisition time of the detector
Required bit transmission rate The required bit transmission rate is a function of the
information to be transmitted and the level ofwork needed prior to transmission. This is
dependent on the application of the system or how it will be used. If a client needs to
transmit critical data to its management division, they should know how much data will
typically be sent and how time sensitive the information may be. The required bit
transmission rate should be minimized as much as possible before the communication
design is begun. There are always trade-offs to consider. Hardware costs, production
costs, real estate and electrical power requirements must be weighed. Special purpose
software for data compression may be necessary.
Maximum bit error rate The nature of the data's sensitivity will determine the
maximum tolerable bit error rate. Data is much more vulnerable to errors than voice or
video. For the latter there are established signal -to- noise ratios for acceptable
transmission and reception. For data, the maximum bit error rate is determined by the
source. For example, financial data requires a smaller bit error rate than entertainment
data. National defense data would need even tighter tolerances. If necessary, forward
error correction can be built into the system to maximize data integrity.
Maximum system bandwidth This is often determined by the channel used to transmit
the signal. Two primary factors are considered: the transmission characteristics of the
cable, i.e., coaxial or fiber or twisted pair, and the regulatory environment of the
operation. The Federal Communications Commission (FCC) assigns bandwidth for
terrestrial transmissions.
Maximum transmitted signal power This affects the signal -to-noise ratio and the bit
error rate of the received transmission. The minimum bit error rate for a given signal
transmission power output may be controlled using various phase or frequency shift
keying strategies. Phase shift keying , or PSK, operates with a binary system by varying
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the phase angle to achieve the optimum bit error rate from a given transmitter power
level. Noise reduction is often possible as a method to improve the signal-to-noise ratio
if there is sufficent control over the transmission path. Additive or extraneous noise can
be minimized by shielding the lines.
Construction costs Systems that perform well are more expensive than systems that
perform poorly. There is no "cheap" way to design and construct an effective digital
transmission system. The good news is that some hardware costs are coming down, and
there are many good off -the- shelf components available. The environment for the
equipment must be considered. It would be a false economy to fail to provide adequate air
conditioning or ventilation.
Power utilization of the signal detector The more complex the signal detector is, the
more power required to operate it. Phase -lock loops require more juice than passive
filters. Quadrature detectors perform more complex operations than binary detectors. The
location of some detectors, especially for data collection, may be in remote areas, or rely
on solar power. A careful and concise analysis of the power budget may be required to
balance the power needs of the detector with other factors
like optimum bit error rate.
Acquisition time of the detector Detectors need time to acquire the incoming signal.
This acquisition time may not be serious for transmissions that are not time sensitive,
since a quantity of bits at the beginning of a message can give the detector time to adjust
itself. Transmissions that are short or that require the transfer of data shortly after the
transmission begins necessitates that a considerable amount of effort take place to provide
a coherent detection of the signal. This is done by the use of coherent detector that derives
a carrier signal from an external source locked to the transmitter, or employ incoherent
detectors. The latter are a compromise since they require a higher signal -to- noise ratio to
deliver the same level of performance as a coherent detector. They are less expensive,
however, and may represent a viable alternative if the signal strength can be readily
boosted or the error rate tolerances are sufficiently large.
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To employ these data paths, files require careful preparation for efficient
transmission. Page files are prepared on application software and generally saved as a
Postscript file. Postscript is a page description language that is device independent,
allowing cross-platform compatibility. In theory, any Postscript- compatible RIP or
imagesetter can successfully plot the file and make the separations. Document
illustrations are usually included with the regular file as an Encapsulated Postscript or
EPS file. The EPS file may contain any combination of text, images or graphics and page
elements can be transmitted independent of their resolution. (7)
Other file formats are used for file image encapsulation. Tagged Image Format
File, or TIFF, is a platform independent picture file and the most commonly used format.
Another is GIF, for Graphics Interchange Format, and JPEG, the Joint Photographic
Expert's Group format for screen displayed images. TIFF and EPS files often add
complex design and image elements to a file, and this can be a source of problems. Some
clients design pages that may contain 25 or more TIFF and EPS files.
An entire document with files like this could occupy 50MB or more of storage space.
Transmission of a file this size over a conventional 14.4Kbps modem could take
several hours. (8)
One strategy to overcome this problem is file compression. Software for file
compression reduces transmission time by removing unnecessary bits of information from
the file. After the file is received, the bits are restored and the data processed into
separations for proofing and platemaking. Different compression ratios will reduce file
size in fixed proportions- 4:1, 8:1, 10:1, and so on. The ratio chosen may depend on the
size of file to be transmitted and the speed required for transmission. File compression
routines make high-speed transmission possible by reducing the physical size of the file
without compromising its content. (9) The validity of this last point is conditional,
however on the compression ratio and the type of compression used. Set the compression
ratio too high, and there will be degradation of quality. The two general categories of
compression software are called LOSSY and LOSSLESS. LOSSY software causes some
data loss in the compressed file, usually an image that will qnly be displayed on a
computer screen or other context where the perceived loss of quality is negligible.
LOSSLESS compression is used for data applications that require zero data loss. For
transmitted graphic arts files, LOSSLESS compression is the option used. (10)
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Once the file is prepared, formatted and compressed it is ready for transmission.
File transfer protocols, or FTP, facilitate this by setting procedures for data transmission.
Protocols allow the transmission of data between any two computers, regardless of type.
A sender logs on to the receiving system's remote server with a user id and password,
and uses a menu or a series of command line prompts to send or receive data files. If the
system allows, the user can log on as a guest anonymously. This is referred to as
"anonymous ftp". (In practice, most systems require guests to log on with an email
address or other identifier so system use can be tracked.) Once they have logged on to the
system the user may upload their files to the remote server, where the service bureau can
access them for production. (11)
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Chapter 4
The Problem Statement
The development of digital workflows in printing and publishing has created the need for
fast, efficient transmission of graphic arts data files over networks. Signal attenuation
and traffic on the network, file transfer protocols, data compression, cross-platform
incompatibility, and Postscript errors in client files can and do cause significant problems,
but to what degree? Based on industry experience, what factor has the greatest negative
impact on the efficiency of on-line file transfer? Using the survey method, this study
will examine this question, collect data on these factors, analyze the results and establish
a baseline of information for future inquiry.
Hypothesis
Question: There is a preference for Postscript errors as the most critical factor
affecting on-line file transfer efficiency.
H: There is a preference for a category
Ho: There is NO preference for a category
H 1 : There is a preference for Postscript errors as the
most critical factor affecting on-line file transfer efficiency.
Limitations:
Results are based on the data provided by the respondents. Any conclusions reached are
valid only for the sample, and no general conclusions are expressed or implied for any
other population.
Delimitations:
The study includes only the members of the population sample as described in Chapter 5.
No other entities of the printing and publishing industry were surveyed.
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Chapter 5
Methodology
Using the 1995 Buyer's Resource Directory of Services and Suppliers in the December 28
issue ofPublishing & Production Executive magazine as a population, the entire
population of 132 service bureaus and catalog printers that support electronic file transfer
was selected for the survey. The members of the sample received a cover letter
accompanying the survey soliciting their participation. There were 32 responses received
over a period of four months. Completed surveys provided the data and comments from
the respondents based on their experience for the calendar year 1994. The final survey
data was tabulated, analyzed and the summary and conclusions set forth in the body
of the thesis.(l)
The statistical test for this study is Chi-square. The data evaluated is organized
into categories, and this test is specifically designed to test hypotheses about category
data, in this case, factors affecting the efficiency of network workflow. A multinomial
study is the model.
Alpha level = .05
The null hypothesis is:
Ho: Of six key factors, there is no preference for any category having the greatest
negative impact on on-line workflow efficiency.
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The survey consists of 26 questions that identify the level of experience of the bureau
with electronic file transfer technology and management and queries them on the
following categories:
SURVEY CATEGORIES
Category I
1) PROBLEM AREAS: What factors of electronic file transfer create the greatest
obstacles to the efficiency of network workflow ?
1. Transmission 2. File transfer Protocols 3. File formats
4. File size 5. Postscript errors
6. Cross-platform incompatibility
Category II
2) INTERNET CONNECTION METHODS - all that apply
3) DESKTOP APPLICATIONS SUPPORTED
4) FILE FORMATS SUPPORTED
5) MARKET/GEOGRAPHICAL AREA: What market is served
6) FILE SERVERS/STORAGE
7) COMPUTERS
8) DATA COMPRESSION
9) EXPERIENCE
Data collected from Category I questions was used for hypothesis testing.
Questions in Category 1 1 elicited basic information about the related hardware and
software employed by the respondents in this segment of the industry, their experience
with the technology and to solicit opinions from the respondents on the current and future
use of networks as file delivery paths based on their actual experience with the
technology in 1994. For a complete breakdown of the Category II data see Appendix A.
A copy of the survey itself is on the following pages.
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ELECTRONIC FILE TRANSMISSION SURVEY
1 ) What type ofmarket do you primarily serve ?
Commercial ( ) Catalog ( ) Specialty ( ) Color ( ) Other_
2) What percentage ofyour work consists ofcustomerfiles received over the
Internet or other off-site network connection ? %
3) What connection method is used? ( check all that apply )
14.4k modem ( ) 28.8k modem ( ) Switched 56 ( )
ISDN ( ) Tl ( )
4) What desktop applications are supported?
( check all that apply )
Quark ( ) Pagemaker ( ) Freehand ( ) Photoshop ( ) Illustrator ( )
Acrobat ( ) Trapping/Imposition ( ) Other
5) File formats supported ( Check all that apply )
TIFF ( ) GIF ( ) EPS ( ) JPEG ( ) SCHEX LWCT ( ) Other
6) What desktop platform(s) do you useforpage production of transmittedfiles ?
Macintosh () IBM PC or clone ( ) OS/2 ( )
PowerPC ( ) UNIX Workstation ( ) Other
7) GEOGRAPHICALAREA: Whatmarket is served?
Northeast ( ) Southeast ( ) Midwest ( )
Southwest ( ) Northwest ( ) Continental U.S. ( )
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8) Data compressionformats supported ( Check all that apply )
Stuffit() CompressPro ( ) LZW ( ) MacCompress ( )
JPEG ( ) Other
9) How many years has your business accepted customerpagefiles via modem or
other transmission method?
*Less than 1 yr. ( ) 1-2 yr. ( ) 3-5 yr. ( )
Over 5 yr. ( )
* If you answered less than 1 year go question #20
10) How many customerfiles were transmitted during 1994?
< 20 () 20-50 () 51-150() 151- 350 ()
350- 500 () 501- 750 () 751- 1000 ()
More than 1000 ( ) -(State # )
11) During 1994, how many workhours were lost because a
client'
sfilefailed to
transmit properly due to line conditions , noise ormodem problems?
Lessthanl0() 10- 20 ( ) 21-30() 31-50() 50 - 100 ( )
More than 100 () - (State # )
12) During 1994, how many workhours were lost due to
protocol errors?
Less than 10 () 10- 20 ( ) 21-30() 31-50() 50 - 100 ( )
More than 100 () - (State # )
13) In 1994, how many workhours were lost due to excessivefile size?
Less than 10 () 10- 20 ( ) 21-30() 31 -50()
50-100() More than 100 ()- (State # )
31
14) During 1994, how many workhours were lost due to data compression
errors in transmittedfiles ?
Less than 10 () 10- 20 ( ) 21-30() 31-50()
50 - 100 ( ) More than 100 () - (State # )
15) During 1994, how many workhours were lost due to PostScript errors in
transmittedfiles ?
Less than 10 () 10-20() 21-30Q 31 -50()
50 - 100 ( ) More than 100 () - (State # )
16) For transmittedfiles ONLY -How many of thefollowing Postscript errors
occurred during 1994?
Missing fonts Too many fonts
Clipping paths Complex graphics
TIFF & EPS files missing
Missing graphics components Other (specify)
17) Where in the production process were these errors first detected?
File server ( ) RIP ( ) Preflighting ( )Other
18) In 1994, how many workhours were lost because a customer used an incompatible
software application to create the transmittedfile ?
<10() 10-20() 21-30() 31-50()
50 - 100 ( ) More than 100 () - (State # )
19) During 1994, how many workhours were dedicated to the tracking,
indexing and storage of transmittedfiles ?
<10() 10-20Q 21-30() 31-50()
50-100O 100- 250 () 251-500 ()
More than 500 - (State # )
32
Answer the following questions using this scale:
1 -Strongly Agree 2-Somewhat Agree 3-Neutral
4-Somewhat Disagree 5-Strongly Disagree
20) Our clients prefer to send their files electronically via modem rather than on disk.
12 3 4 5
21) Electronic file delivery is more efficient than disk.
12 3 4 5
22) Postscript error in transmitted files is the most critical technical problem.
12 3 4 5
23) Storage and indexing is the most critical file management problem.
12 3 4 5
24) The use of electronic file delivery will double in the
next 5 years.
12 3 4 5
25) The need for standards at all levels of digital production is critical.
12 3 4 5
26) Fonts supported:
Truetype ( ) Adobe Type 1 ( ) Adobe Type 3 ( ) Other
27) Comments and suggestions
( attach an additional sheet if needed )
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Chapter 6
The Results
From a survey population of 132 service bureaus there were 32 responses.
3 1 of the 32 respondents answered the Category I questions used for hypothesis testing.
The data used for hypothesis testing was derived from the tally of the Category I
questions that polled for preferences.
PREFERENCE DATA TOTALS
SCALE **** H **** ****Q****
MODEM PREF
STRONG
AGREE
3
SMWHT
AGREE
6
MORE
EFFICNT
7 8
PS CRITICAL 2 3
STOR/INDEX 6 11
ELEC DEL DBL 22 6
STANDARDS 28 2
figl
****o**** + +** A **** ****-***-****
NEUTRAL SMWHT DIS STRONG DIS
7 10 5
15
12
1
0
10
1
1
0
STATISTICAL TEST
A multinomial Chi-Square test for independence between categories was performed on
the Category I data, (fig.l) utilizing the Web Chi-Square Calculator at Georgetown
University. The results were repeated using manual methods.
A sampling error of +/- 3.7% was calculated by determining the square root of :
% surveys used x (100 minus % surveys used) divided by the sample size (132).
This sampling error is valid for any question on the survey.
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Web Chi Square Calculator: Results
POPULATION: 132 SURVEYS SENT, 32 RESPONSES. ONE OF THE
RESPONDENTS FAILED TO ANSWER THE POLL QUESTIONS.
FINAL SAMPLE: 31
Question:
Is there a preference for Agreement that Postscript errors are most critical factor affecting
on-line file transfer efficiency?
H: Preference for a category
Ho: There is no preference
HI : There is a preference for Agreement that Postscript Errors are most critical factor.
Assumptions: (a) The categories are independent.
(b) The results, if significant, may be applied to
the population of the sample.
Collapsed values (To eliminate zero values in the cells)
Collapsed Values-Categories Are Row
Agree Neutral Disagree Total
PS Errors 5.0 15.0 11.0 31.0
Stor/Index 17.0 12.0 2.0 31.0
Stand 28.0 2.0 1.0 31.0
Total 50.0 29.0 14.0 93.0
Degrees of freedom (df) = (rows - 1) x (columns - 1)
df=(3-l)x(3-l) = 4
Critical value = 9.488
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Calculating expected frequencies for each cell ...
Processing row 1, column 1 ...
Observed value (O) = 5.0
Expected value (E) = (row total x column total) / grand total
E = (31x 50)/ 93 = 16.667
Chi-square = (O - E)squared / E
Chi-square = ((5.0 - 16.667) **2) / 16.667
Chi-square = 8 . 1667
Total now = 8.1667
Processing row 1, column 2 ...
Observed value (O) =15.0
Expected value (E) = (row total x column total) / grand total
E = (3 1 x 29) / 93 = 9.66666666666667
Chi-square = (O - E)squared / E
Chi-square = ((15.0 - 9.66666666666667) **2) /
9.66666666666667
Chi-square = 2.942528735632 1 8
Total chi-square now = 1 1.1091954022989
Processing row 1, column 3 ...
Observed value (O) =11.0
Expected value (E) = (row total x column total) / grand total
E = (3 1 x 14) / 93 = 4.66666666666667
Chi-square = (O - E)squared / E
Chi-square = (( 1 1 .0 - 4.66666666666667) **2) / 4.66666666666667
Chi-square = 8.59523809523809
Total chi-square now = 19.7044334975369
Processing row 2, column 1 ...
Observed value (O) =17.0
Expected value (E) = (row total x column total) / grand total
E = (31 x 50) / 93 = 16.6666666666667
Chi-square = (O - E)squared / E
Chi-square = ((17.0 - 16.6666666666667) **2) / 16.6666666666667
Chi-square = 0.00666666666666662
Total chi-square now = 19.71 1 1001642036
Processing row 2, column 2 ...
Observed value (O) =12.0
Expected value (E) = (row total x column total) / grand total
E = (3 1 x 29) / 93 = 9.66666666666667
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Chi-square = (O - E)squared / E
Chi-square = ((12.0 - 9.66666666666667) **2) / 9.66666666666667
Chi-square = 0.563218390804598
Total chi-square now = 20.2743185550082
Processing row 2, column 3 ...
Observed value (O) = 2.0
Expected value (E) = (row total x column total) / grand total
E = (3 1 x 14) / 93 = 4.66666666666667
Chi-square = (O - E)squared / E
Chi-square = ((2.0 - 4.66666666666667) **2) 1 4.66666666666667
Chi-square = 1.52380952380952
Total chi-square now = 21.7981280788177
Processing row 3, column 1 ...
Observed value (O) = 28.0
Expected value (E) = (row total x column total) / grand total
E = (3 1 x 50) / 93 = 16.6666666666667
Chi-square = (O - E)squared / E
Chi-square = ((28.0 - 16.6666666666667) **2) / 16.6666666666667
Chi-square = 7.70666666666667
Total chi-square now = 29.5047947454844
Processing row 3, column 2 ...
Observed value (O) = 2.0
Expected value (E) = (row total x column total) / grand total
E = (3 1 x 29) / 93 = 9.66666666666667
Chi-square = (O - E)squared / E
Chi-square = ((2.0 - 9.66666666666667) **2) /
9.66666666666667
Chi-square = 6.0804597701 1494
Total chi-square now = 35.5852545155993
Processing row 3, column 3 ...
Observed value (O) =1.0
Expected value (E) = (row total x column total) / grand total
E = (3 1 x 14) / 93 = 4.66666666666667
Chi-square = (O - E)squared / E
Chi-square = (( 1 .0 - 4.66666666666667) **2) / 4.66666666666667
Chi-square = 2.88095238095238
Total chi-square now = 38.4662068965517
Calculating probability (P) ...
Looking up critical values for chi at df = 4:
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Sig.
Sig
Sig
Sig
Sig
Sig
Sig levels
Crit vals
.0.20
.0.10
0.05
0.025
0.01:
0.001
0.20 0.10 0.05 0.025 0.01 0.001
5.99 7.78 9.49 11.14 13.28 18.47
chi is greater than or equal to 5.99
chi is greater than or equal to 7.78
chi is greater than or equal to 9.49
chi is greater than or equal to 1 1. 14
chi is greater than or equal to 13.28
chi is greater than or equal to 18.47
Degrees of freedom: 4
V2 = 38.4662068965517 X2 _ = 9.488 (Table A.9, Dowdy & Weardon)
p is less than or equal to 0.001 .
The distribution is significant. There is a preference for a category.
Reject the Null Hypothesis if: V2 >Y2 c
By observation:
There is a preference (Lack of Standards 1st, Storing /Indexing 2nd)
Reject HI: There is no preference for Postscript errors as most
critical factor affecting on-line file transfer efficiency
The categories are independent
Chapter 7
Summary and Conclusions
SUMMARY (see Appendix A)
For the poll data the multinomial test demonstrated no preference for Postscript
errors as the most critical factor affecting the efficiency of on-line file transfer. The most
significant bottleneck reported by respondents with one year or more of operational
experience with file transfer technology was transmission error (fig. 11), followed (in
order of precedence) by protocol error (fig.l2),file size(fig.l3) compression error
(fig. 14), Postscript error (fig. 15) and software incompatibility (fig. 18). Regarding
Postscript error detection, 74% of the respondents detected these errors at the preflighting
stage. Among respondents with 3 or more years of experience with file transfer
technology 80% detected the errors at preflight. (fig 16)
Over half of the respondents identified themselves as providers to a general
Commercial customer base, while 13% selected Catalog work as at least part of their
customer workload. 9% chose Specialty and 22% specified Color as an important
segment. 18% selected Other for work provided by customers that did not fit the
previously identified categories (fig.2). The average amount of work accepted via
network for all respondents was 12%. (Al)
Desktop applications reported were predominantly Quark and Adobe products.
97% used QuarkXpress, 94% used Adobe Pagemaker and 97% used Freehand,Illustrator
and Photoshop. Adobe Acrobat was used by 74% of respondents to generate and read
PDF documents. 78% reported the use of unspecified brands of Trapping and Imposition
software and 9% other types of desktop programs, (fig.4) The most common file formats
supported were TIFF and EPS. (fig.5)
Apple desktop systems, especially PowerMacs, were the platform of choice,
although the IBM PC compatible has made significant inroads, (fig.6) Nearly two thirds
of the respondents (59%) use compatibles in their equipment suite, an indication that a
large fraction of the customer base is using this platform to generate page files.
Slightly less than a third utilized high-end UNIX workstations.
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The geographic areas served were primarily in the Northeast and Midwest, with
lesser representation in the Southwest and Southeast, (fig.7)
70% of the respondents report 3 years or more experience with network
technologies as a delivery method for customer files, (fig. 9) 50% of the respondents
reported receiving 150 or more customer files via network per annum.(fig.lO) Modems
were the main connection method used but nearly a third of the sample utilized some
form of dedicated line-Tl,ISDN or Switched 56. (fig.3) Nearly a third of the sample
reported 51-500 hrs spent managing the files, (fig. 19)
CONCLUSIONS
The statistical test did not support the hypothesis that Postscript errors are the
most critical factor,an indication that the continuing development of Postscript devices
and the Postscript language itself has overcome many of the problems associated with it
in the past. A recent GATF study, dated March 21,1997, came to a similar conclusion.
Of 1,000 customer files examined, only 1.4% were affected by Postscript or Postscript
related errors.
Regarding error detection, the importance of preflighting is evident, as is the
overwhelming agreement by 90% of the respondents on the need for industry standards to
prevent or control errors. There is at least an implied consensus of opinion in the sample
that a reliable workflow demands control over the process and standardization at all
levels of the process is critical to its success. This perceived need may represent a prime
motivation for the development of comprehensive standards and is a likely indication that
the pressure on the industry to address the issue will become more intense.
Of equal importance is the conclusion drawn from the strong perception by 70%
of the respondents that file delivery via network will double in the next five years. This
perception may have a significant impact on the purchasing patterns in the industry for
network capability and related hardware and software. While conventional modems
remain the primary technology in use at the present time, it is evident from the responses
that the motivation to add high-speed network capability is present in the respondents,
especially ifmarket forces warrant and the capital expense for hardware and
software is bearable.
Related to this is the increasing tendency to serve a wider customer base in
geographic locations that may have been impractical or uneconomical to target in the
past. It is significant that over 40% of the respondents considered their market to be
national, at least in part.(fig.7)
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Bandwidth is the key element that will determine the rate of growth for this
technology. The transmission and file size errors reported are less frequent if a high
speed, high bandwidth data network is available. The technology is in place but the
growth of the required infrastructure and the necessary economies of scale are not yet
meeting the demand. Once the cost of high speed connection and transmission reaches a
practical level of economy for the broad base of the potential market, the pace of growth
will accelerate.
How will customers and providers use this new capability? And what
opportunities are created for further research in this area ? The targeting of regional
markets with advertising and editorial content is already well established and with the
development ofmore sophisticated technologies uniting network distribution and digital
printing, this targeting is likely to become more focused and specialized.
Another key area is management of the digital data received. The number
of customer files in commercial databases will continue to grow and repeat business will
motivate service providers to acquire and administer more capable storage hardware and
database software management programs.
There are other significant applications of remote printing that merit study. The
production ofmaps and charts is well suited to this model. A paper map is still the most
efficient medium available to provide geographical information to a user in the field. A
map is portable, requires minimal training for the user and is economical to print and
distribute. Even advanced technologies like GPS still require the use of some reference to
relate a geographic coordinate to actual features on the surface of the Earth. Modem maps
and charts are based on highly accurate measurements of the earth's surface by state of
the art remote sensing platforms, supported by cartographic computer programs that
generate digital files for printing. Tight tolerances minimize error. This accuracy is vital,
especially in regard to charts used for aeronautical or ocean navigation, where any flaw
could have deadly consequences. The capacity to rapidly update maps used for these
purposes is equally important because many charts, especially aviation and nautical
navigation charts, have a relatively brief useful life as changes in navigational aids and
airfield capability render them obsolete. The pace of global change has created the need
for a capability to produce maps and charts in the shortest possible time to support crisis
operations, whether humanitarian, peacekeeping or environmental. Remote replication is
one strategy to address this need.
42
The need for remote replication is driven by one factor time. In a crisis
situation, planners are severely handicapped if accurate maps are not readily available.
This is especially true in a situation like the Bosnian Civil War, where large amounts of
humanitarian aid must be moved quickly by U.N. and humanitarian personnel, who may
have limited familiarity with the terrain and road systems. Knowing what roads and
bridges are intact, and where they lead is vital to success, if not survival.
A forward production capability for map and chart reproduction provides the user with a
timely product, available for planning and crisis support with rapid updates. This
capability would not necessarily replace normal production at a primary facility, but
would provide advance editions of the required charts to the decisionmakers in the field.
The low cost per unit and convenience of hardcopy maps and charts make them peerless
for operational planning , briefings and as a back-up to digital systems. A map can't break
down, lose power, or be jammed by hostile forces. Further ideas for research are
outlined below.
The ongoing development of digital communications in tandem with the growing
adoption of an all-digital pre and post press workflow, ensures that these technologies
will continue to be more fully integrated. The full impact of this new paradigm is difficult
to predict, given that the only constant factor is dynamic change.
1 . Examine industry purchasing patterns for enhanced network capability and related
hardware and software.
2. Has the percentage ofwork accepted via networks changed since 1994 ?
3. What kind of obstacles or bottlenecks are encountered ?
4. How has the technology affected the management and storage of data ?
5. Are service bureaus becoming primarily database managers and is this driven by
network business ?
6. Is network business becoming the primary focus ofmarketing for printing services ?
7. Track the development of standards for digital production.
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Category 2 Data
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Al
Category II Data (Raw)
MARKETS COMPRESS COMP ERR INCOMPERR
Commercial 18 Stuffit 26 < 10 wkhrs 16 < 10 wkhrs 17
Catalog 4 CompressPro 6 10-20 wkhrs 6 10-20 wkhrs 1
Specialty 3 LZW 17 21-30 wkhrs 2 21-30 wkhrs 3
Color 7 MacCompress 7 31-50 wkhrs 1 31-50 wkhrs 3
Other 6 JPEG 23 51 -100 wkhrs 1 51-100 wkhrs 2
OFF-SITE Other 8 > 100 wkhrs 1 > 100 wkhrs 1
Off-Site %av. 12% EXPERIENCE POST ERR MGMNT HRS
14.4 modem 21 < 1 year 3 < 10 wkhrs 11 < 10 wkhrs 12
28.8 modem 19 1 -2 years 7 1 0-20 wkhrs 7 10-20 wkhrs 2
Switched 56 7 3-5 years 12 21 -30 wkhrs 2 21-30 wkhrs 2
ISDN 8 >5 years 12 31-50 wkhrs 3 31-50 wkhrs 2
T1 5 #OF FILES 51 -100 wkhrs 1 51-100 wkhrs 3
DSKTOP APP < 20 files 5 > 100 wkhrs 2 101-250wkhr 3
QuarkXpress 31 20-50 files 4 PS ERR TYP 251-500wkhr 2
Pagemaker 30 51 -150 files 5 Missing Fonts 146 >500wkhrs
Freehand 31 151 -350 files 5 Too Many Fonts 17 FONTS SUPP
Photoshop 31 351 -500 files 2 Clipping Paths 56 Truetype 14
Illustrator 31 501 -750 files ComplexGraph 113 Adobe Typel 30
Acrobat 23 751 -1K files 3 TIFF/EPS gone 136 Adobe Type3 14
Trapping/Imp. 25 > 1 K files 4 Missing grafx 319 Other
Other 3 TRANS ERR Other 100 SIZE ERR
FORMATS < 10 wkhrs 13 ERR DETECT < 10 wkhrs 13
TIFF 31 10-20 wkhrs 3 File Server 1 0-20 wkhrs 7
GIF 16 21-30 wkhrs 4 RIP 5 21-30 wkhrs 1
EPS 31 31 -50 wkhrs 1 Preflighting 17 31-50 wkhrs 1
JPEG 23 51 -100 wkhrs 4 Other 1 51-100 wkhrs 2
SCITEX LWCT 16 > 100 wkhrs 1 GEOGRAPHIC > 100 wkhrs 1
Other 4 PROTO ERR NE 9
PLATFORMS < 10 wkhrs 13 NW
Macintosh 31 10-20 wkhrs 9 SE 4
PowerPC 23 21-30 wkhrs Midwest 9
IBMPC or clone 19 31-50 wkhrs 2 SW 2
UNIX wksta 10 51-100 wkhrs 1 NW
OS/2 > 100 wkhrs 1 CONUS 13
Other 2
49
A2 Category 2 Charts
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APPENDIX B:
Glossary
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Analog Transmission:
Applications Software:
GLOSSARY
The transmission of computer data as an
electric signal in the form of a wave.
Programs designed to perform specific tasks and
functions
Bandwidth:
Binary system:
Bit:
bps:
Bridge:
Byte:
Bps:
Carrier wave:
CCITT:
Check bit:
Client/Server:
The number of frequencies that can fit on one
communications link at the same time.
A system where data is represented by
combinations of 0 and 1 , which correspond to the
two states, on and off.
Binary Digit
Bits per second
A device that recognizes and transmits
packets to be sent to other similar networks.
Strings of bits (usually 8) used to represent
one data character - a letter, digit, or
special character
Bytes per second
The analog signal used in the transmission of
electric signals.
Consultative Committee on International Telegraphy and
Telephony, A U.N. organization developing international
comm standards, (now the ITU)
A bit added to each byte to alert the computer to an error
in data transmission. Also called a parity bit.
A network model that employs a server, which controls
the network, and a client, who accesses the network and its services.
Data Communications: The process of exchanging data over networks.
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Data compression:
Digital transmission:
EPS:
Fiber optics:
FTP:
Format:
Frequency:
Full-duplex:
GB:
Graphic format:
Hertz:
ISDN:
Internet:
Kbps:
KB:
KBps:
Leased line:
MB:
Software that decreases the number of bits required
to represent data. Useful for reducing storage space
and transmission time.
The transmission of data as discrete pulses
Encapsulated Postscript file
Technology that uses light instead of
electricity to send data.
File Transfer Protocols that allow the transfer
of data between networked computers.
The specifications that determine how a document
is displayed on a screen or by an output device.
The number of times an analog signal repeats
during a specific time period.
Data transmission in both directions at once.
Gigabyte, or one billion bytes.
Information that describes an image in a digital file.
Cycles per second
Integrated Services Digital Network
A vast worldwide public communications network of computers
that may be accessed for information retrieval and transmission.
Kilobits per second.
Kilobyte or one thousand bytes.
Kilobytes per second.
A communcation line dedicated to one customer.
Megabyte, or one million bytes.
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MHz:
Modem:
Modulation:
Network:
Node:
Noise:
On-line:
PDL:
Path:
Peripheral:
Point to Point:
Postscript:
Queue:
Server:
Stuffit:
Switched line:
TIFF:
WAN:
Megahertz, or one million cycles per second.
Short for modulate/demodulate. A device for sending
digital data to/from a computer over an analog line.
The process of turning a digital signal into analog.
A computer system that uses communications equipment and
software to connect two or more computers and their resources.
A device- personal computer, printer, or other
peripheral- that is connected to a network.
Electrical interference on an analog line that causes
distortion during data transmission.
Processes which are directly connected to a computer.
Page description language. Device independent.
In a network, any route between two nodes.
Equipment attached to a computer, such as a printer.
A direct connection between computers.
The primary page description language in graphic arts.
Area on disk where programs waiting to be run are
stored,i.e. jobs waiting for RIP or printing.
The central computer in a network, responsible for
managing the network and its services.
A data compression program.
A communications line that connects through a
switching center to a variety of destinations.
Tagged Image Format File, an 1-24 bit device
independent picture file. The most common graphic format file.
Wide area network, a network of geographically distant
computers and terminals.
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